Preparation and characterization of new glasses from the TeO2-CdO-Al2O3-SiO2 system by Zayas, Mª. E. et al.
M.E. Zayas, F.J. Espinoza-Beltrán, M. Romero, J.Ma. Rincón. Preparation and characterization of new 
glasses from the TeO2-CdO-Al2O3-SiO2 system 
Journal of Materials Science Letters 17 (1998) 1099-1102; DOI:10.1023/A:1006679915812 
Preparation and characterization of new glasses from the TeO2-CdO-Al2O3-SiO2 system 
Mª. E. ZAYAS, F. J. ESPINOZA-BELTRÁN 
Centro de Investigación en Física de la Universidad de Sonora, Apdo. Postal 5-88, 83190 
Hermosillo, Sonora, México 
M. ROMERO, J. MA. RINCÓN 
Instituto de Ciencias de la Construcción E. Torroja (CSIC), Group of Vitreous and Ceramic 
Materials, Madrid, Spain 
 
 
1. Introduction 
High cadmium and tellurium content glasses have been widely investigated. Glasses in the 
system PbO-CdO-B2O3, CaO-Gd2O3-CdO-B2O3 and CdO-B2O3 have been proposed as the 
dispersed phase in the metallic components of nuclear reactors [1]. More recently, the 
technological properties of optical glasses and glass-ceramics in the Na2O- CdO-Al2O3-SiO2 
system have been studied [2] which have lower density and higher microhardness values than 
PbO flint glasses. 
On the other hand, Ovcharenko et al. [3] studied the TeO2-V2O5-Bi2O3 system and showed that 
this type of glass is suitable for condensers due to their high dielectric constant and low melting 
temperatures. The glass formation area was investigated [4] in 15 ternary systems including 
TeO2-ZnCl2- M (M=WO3, BaO, Na2O, KBr), TeO2-NaCl –X (X=BaO, KBr, NaBr), TeO2-
NaBr-NaCl and TeO2-NaCl-ZnCl2, likewise density and thermal expansion coefficients were 
also determined. 
The aim of this paper is to show the growth, microstructure and properties of new TeO2-CdO-
Al2O3-SiO2 glasses obtained from melting of binary starting mixtures of CdS-TeO2. 
Four compositions (Table I) were prepared from reagent grade TeO2 and CdS. Batches of 100-
200 g were melted in fireclay alumina-silica crucibles (250 ml capacity and cylindrical shape) in 
a superkanthal furnace, Swedish AB pob 505 at 1500ºC for 90 min. The melts were stirred with 
a high alumina rod at 44 r.p.m. followed by pouring the melts onto a brass plate at ambient 
temperature then an anneal step at 500 8C for 4 h. 
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TABLE I. Batch composition, density, microhardness and thermal diffusivity of the glasses 
 
As is usual in materials science characterization, the methods followed for investigating the 
microstructure and microanalysis of these glasses were transmission electron microscopy 
(TEM), scanning electron microscopy (SEM) with energy dispersive X-ray analysis (EDX), and 
X-ray diffraction (XRD). Mechanical properties (Vickers microhardness) density, viscosity 
behavior at high temperatures, differential thermal analysis (DTA) and thermal diffusivity were 
also determined in these glasses. 
TEM observations were carried out by the direct carbon replica method after etching the 
fracture surface with HF 2% for 15 s. SEM=EDX measurements were performed on fracture 
surfaces coated by gold sputtering using a Zeiss DSM-950 microscope operating at 20 kV 
accelerating voltage and equipped with a Si(Li) solid state detector Tracor-Northem 
spectrometer ZX-II using the Colby method for ZAF corrections [5]. X-ray diffraction 
measurements on powdered samples were carried out using a Phillips PW 1710 diffractometer. 
Density values (ρ) were determined by the hydrostatic Archimedes method. The viscosity-
temperature (η-T) curves were determined by optical heating microscopy using a Leitz 
microscope in the 20-1500ºC range. Differential thermal analysis (DTA) was performed using a 
Mettler TAZ thermobalance at 10ºC min
-1
 rate and 1300ºC maximum temperature. 
Microhardness parameters have been determined by Vickers indentation on polished samples 
embedded in epoxy resin using an Elliots GKN microhardness tester. 
Thermal diffusivity ( =κ/ρc), where k is the thermal conductivity and c the thermal capacity at 
constant pressure of the sample) measurements were carried out by using a photoacoustic 
method called the open photoacoustic cell technique (OPC) [6]. This technique consists of 
mounting a flat sample directly onto a cylindrical electric microphone, where the front chamber 
of the microphone itself is the usual gas chamber of conventional photoacoustics. A 100 W 
tungsten-halogen lamp was used as a heat source. The polychromatic beam was modulated 
using a variable speed chopper (Stanford Res. Sys. model SR550) and later focused onto the 
M.E. Zayas, F.J. Espinoza-Beltrán, M. Romero, J.Ma. Rincón. Preparation and characterization of new 
glasses from the TeO2-CdO-Al2O3-SiO2 system 
Journal of Materials Science Letters 17 (1998) 1099-1102; DOI:10.1023/A:1006679915812 
sample. As a result of the periodic heating of the sample by the absorption of modulated light, 
the pressure in the microphone chamber oscillates at the chopping frequencies, generating an 
output voltage. The microphone voltage was measured using a locking amplifier (Stanford Res. 
Sys. model SR540). The photoacoustic signal amplitude as a function of the modulation 
frequency was recorded by a personal computer. The thermal diffusivity, , can be obtained 
from the signal data in the modulation frequency range. The frequency dependence of the 
photoacoustic signal S is: 
 
where l is the length of the sample and f the modulation frequency. Small pieces of glass were 
polished by using sand-paper and alumina powders to obtain samples with smooth and flat 
surfaces and thickness less than 350 mm. The theoretical analysis assumes samples with optical 
opacity, which were prepared by fixing a thin Al foil (20 mm thick) on the rear-side face. 
XRD analysis show that the glasses are amorphous (Fig. 1), but show some high background in 
the 2  = 20-35º range, indicating some structural ordering, liquid phase separation or very small 
crystallization. TEM observations have confirmed this (Fig. 2) depicting glass-in-glass phase 
separation for the 1Te and 2Te glasses, crystallization of needle crystallites in the 4Te and large 
crystallization areas in the 7Te glasses. 
 Figure 1 X-ray diffraction patterns of the 1Te, 
2Te, 4Te and 7Te glass samples. 
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Although the starting raw material is cadmium sulfide, the final glasses do not include sulfur in 
the percentage detected by SEM=EDX analysis. Table II includes the average SEM=EDX 
measurements obtained at lower magnification for the glasses investigated. The TeO2 is 
incorporated in a low percentage for the 4Te and 7Te glasses. SiO2 and Al2O3 are incorporated 
in these glasses in a very high content from the crucible corrosion in the 19.84-23.71 wt% range 
for Al2O3 and 33.33-38.16 wt% range for the SiO2, 1Te, 2Te and 4Te samples (Fig. 2) depict 
droplets of liquid-liquid phase separation, decreasing the volume fraction when TeO2 is 
decreased. There are no previous data [7] on the influence of Te
+4
 ions on phase separation in 
silicate glasses. The high polarizability of this ion distorting the bonds Te-O…O-Si-O… 
between Te
+4
 and non-bridging oxygens must enhance the breaking of bonds giving rise to 
liquid-liquid phase separation. The 4Te glass with lower TeO2 content also shows elongated 
crystals, which could be CdO·2SiO2, in good agreement with the relative CdO/SiO2 percentage 
(see Table I) and previous results in the Li2O-CdO-SiO2 system with high neutron absorbing 
glasses and glass-ceramics [8]. The 7Te sample depicts glass-in-glass phase separation (Fig. 3) 
and very small rectangular crystals belonging to the CdS solid solution, according to the 0.333 
nm peak observed by XRD (Fig. 1). By SEM/EDX microanalysis, carried out in the spot mode, 
it has been possible to observe an increase of S and Cd in these rectangular crystallites. 
TABLE II. SEM/EDX average analysis from glasses obtained from CdS-TeO2 mixtures 
 
The viscosity variation with temperature (Fig. 4) shows that these glasses with high TeO2 
content (1Te and 2Te compositions) present a typical variation of short glasses in which the 
viscosity rapidly decreases with temperature. Therefore, the glasses with higher TeO2 content 
are not adequate for molding by blowing, but they are good enough for a molding operation by 
pouring the melt into a mold. On the other hand, the molding thermal interval is larger for the 
compositions of lower TeO2 content (4Te and 7Te). 
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Figure 2. Transmission electron micrograph (carbon replica) from the fracture surface of 
glasses: a) 1Te, b) 2Te, c) 4Te. 
 
Fig. 5 shows the DTA experiments in the 1Te, 2Te, 4Te and 7Te glasses. A small peak around 
600ºC indicates the transformation temperature (T g), starting the ordering of the glass network. 
Each curve shows an exothermic peak between 750 and 900ºC that becomes more defined 
towards 875ºC with increasing CdO content in the final glass. This peak may be related to the 
transfomation temperature (Tg) starting the ordering grade of the glassy network. The second 
exothermic peak could be related to the formation of crystalline CdS particles in the glassy 
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matrix, or to the formation of some crystalline cadmium silicates which must precipitate in the 
glassy matrix due to the increase in CdO content. 
 
Figure 3. Transmission electron micrograph (carbon replica) of the 7Te glass and 
corresponding SEM/=EDX microanalysis (spot mode) from rectangular crystals 
 
 
Figure 4. Viscosity-temperature variations obtained from heating microscopy (____) 1Te, - -) 
2Te, (- - - -) 4Te, (-----) 7Te. 
M.E. Zayas, F.J. Espinoza-Beltrán, M. Romero, J.Ma. Rincón. Preparation and characterization of new 
glasses from the TeO2-CdO-Al2O3-SiO2 system 
Journal of Materials Science Letters 17 (1998) 1099-1102; DOI:10.1023/A:1006679915812 
 
Figure 5. DTA results for the cadmium telluride glasses Te (●), 2Te (■), 4Te (▲) and 7Te 
(▼). 
 
Density values for these glasses are high, in the 3.33-3.45 g cm
-3
 range (see Table I) due to the 
high atomic number and weight of Cd and Te. Vickers microhardness values are in the 4.3-4.8 
GPa range, showing an increase in the Vickers microhardness values for higher values of 
CdO/TeO2, which indicates a strengthening of the network due to the high polarizability of Cd
+
 
ions [9]. 
Thermal diffusivity measurements of the investigated glasses are given in Table I. Fig. 6 shows 
a typical fitting of the photoacoustic signal (PAS) data to the theoretical model. The 1Te and 
2Te samples, which have high TeO2 content, show values of about 0.00332 cm
2
s-
1
, and the 4Te 
and 7Te samples with lower TeO2 content show thermal diffusivity values of about 0.0020 
cm
2
s-
1
. The thermal diffusivity is a physical property sensitive to the structural and chemical 
changes in materials [6]. In this case, the high values of thermal diffusivity can be associated 
with the high TeO2 content as modifier oxide in the 1Te and 2Te glasses. Finally, it is pointed 
out that more research is in progress in order to determine the refractive index and the capability 
of these glasses for controlled nucleation and crystallization of tellurate phases. 
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Figure 6. A representative fitting of the photoacoustic signal (PAS) data to the theoretical 
model. The points are the experimental data of the 2Te sample l=325µm, = 0.00363 cm
2
s
-1
 
and the solid line is the best fit with m= -0.9556. 
 
A new family of glasses from the TeO2-CdO-Al2O3-SiO2 system obtained from CdS-TeO2 
mixtures melted in fireclay crucibles have been prepared and characterized. The density values 
of these glasses are in the 3.30-3.46 gcm
-3
 range. The viscosity-temperature variation shows that 
glasses with high TeO2 content depict the typical variation of `short glasses' for a molding 
operation. Microstructural observations by TEM (replica method) and SEM microscopies have 
shown that these glasses contain very small precipitates of CdS crystallites in a phase separated 
glassy matrix. Differential thermal analysis (DTA) has shown that these glasses are stable to 
600ºC. At about 875ºC there is an exothermal peak that could be related to the formation of 
crystalline phases, such as cadmium silicates for the 4Te glass and cadmium sulfide for the 7Te 
glass. The thermal diffusivities determined by the photoacoustical method are in the 1.93-3.45 
x10
-3
 cm
2
s
-1
 interval for these new glasses, being lower when the TeO2 content is low in the 
final glass. 
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